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Abstract- In the frame of the European project SELFDOTT (From capture based to 
self-sustained aquaculture and domestication of bluefin tuna, Thunnus thynnus) an 
experimental setup to estimate the biomass of caged bluefin tuna (Thunnus thyn-
nus) farms in the Spanish Mediterranean coast is presented. The aim is to monitor 
individuals during all stages of growth. To do this, we propose a combined system 
of acoustic and optical techniques (both non-intrusive), in order to obtain values 
of target strength of the specimens and information on the orientation of tuna in 
the acoustic beam and the fish size. To achieve a complete information, an experi-
ment has been designed that allows us to get the acoustic measurements ventral 
and dorsal individuals accommodated in the cage (using in a first attempt a mul-
tiplexed echosounder with two 200KHz split-beam transducers), while stereoscopic 
systems provides visual information and allows estimate the size and weight of the 
specimens captured by the system. Preliminary results indicate that combined use 
of both techniques provides more precise values of the parameters needed to de-
termine the TS as a function of fish orientation and for proper monitoring of tuna 
in floating cages.
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INtrODUCtION. 
In order to alleviate the pressure on the wild fishery of the bluefin tuna and aid 
in its conservation, the domestication of this fish and the development of a sus-
tainable aquaculture industry are necessary. While the life cycle is being closed 
[1], efforts should joined to design growth control mechanisms that make the 
process efficient and ecologically and economical sustainable for breeders.
With this aim, this work proposes an experimental setup that combines acoustic 
measurements (dorsal and ventral) with optical techniques, to obtain biometric 
information on a non-intrusive concept, allowing monitoring of weight gain of 
specimens and optimizing of resources management. This experiment was con-
ceived as a first approach to the problem and rises the expectations open so 
far in [2] to obtain parameters showing the biometric behavior and state of the 
specimens in the aquaculture cages.

MAtErIAL AND MEtHODS
The measurements were conducted in cages installed in the Mediterranean 
Spanish coast in El Gorguel (Cartagena). As stated above we disposed an acous-
tical and an optical system. The optical system (is a stereoscopic recording sys-
tem) provides visual information of the specimens during measurement (be-
havior and orientation) as well as the length of the same. The acoustic system 
consists of two split-beam transducers of 200 kHz, and a multiplexer to operate 
them simultaneously with a scientific echosounder, governed by the same field 
computer than the optical system, therefore providing the necessary synchroni-
zation through the internal computer clock.
Acoustic and optical data are analyzed separately at first and then jointly. The 
processing of acoustic data is performed using software Sonar5_Pro [3].  This 
software allows us the identification of tuna traces in the echogram related to 
the image of fish crossing the acoustic beam. 
Stereoscopic vision allows to determine biometric parameters of fish without 
handling them [4]. Several studies suggest that the use of these systems is use-
ful for estimating the length and weight of specimens and thus to improve the 
efficiency in the breeding of this species in captivity [5]. The proposed experi-
mental system is based in the alternate ventral measurement of images. For this 
reason, in this work a new procedure of image measurement are developed to 
estimate the tuna fork length, and validation of this new method for measur-
ing image ventral in connection with the usual configuration of a stereoscopic 
system (lateral) is performed.

rESULtS
Data shows that the dorsal TS measurements offer a bimodal distribution, which 
can be explained by the detection of the main lobe and two lateral lobes of the 
swimblader, crossing the acoustic beam, what has been described for other spe-
cies [6]. Ventral data tend also to be unimodal, because the morphometry of the 

swimblader, more rounded tan the dorsal side, reducing the directivity. 
Another critical point to be taken into account is the relationship between the 
tuna and beam area size. For these reason we have studied the dependence of 
the TS values with transducer distance. For the limited number of traces of this 
preliminary study, we can appreciate that mean ventral TS evolves with distance 
to an apparent stable value. Our dorsal data exhibit a more complex depen-
dence with transducer distance than the ventral ones what can be related to 
the near field effects. 
The acoustic results are crucial, to evaluate any TS versus size relationship based 
on biometric information obtained from optical equipment. From this informa-
tion we can plot first ventral TS to length relationship for bluefin tuna. The mean 
TS of each traces is calculated and depicted for every measured length in the 
corresponding image. This must be considered just a methodological descrip-
tion but promising results are expected (Fig. 1).
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MONITORINg OF TUNA IN CAgES bY THE COMbINEd USE OF 
ACOUSTIC ANd OPTICAl TECHNIQUES.


